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L10 ANSWER 2 OF 80 MEDLINE 
AN 2001699838 MEDLINE 

TI Regulation of C. elegans DAF-16 and its human ortholog 

FKHRL1 by the daf-2 insulin- like signaling pathway. 
SO CURRENT BIOLOGY, (2001 Dec 11) 11 (24) 1950-7. 

Journal code: 9107782. ISSN: 0960-9822. 
AU Lee R Y; Hench J; Ruvkun G 

AB C. elegans insulin-like signaling regulates metabolism, development, and 
life span. This signaling pathway negatively regulates the activity of 
the forkhead transcription factor DAF-16. daf 
-16 encodes multiple isoforms that are expressed in 

distinct tissue types and are probable orthologs of human FKHRL1, FKHR, 
and AFX. We show that human FKHRL1 can partially replace DAF- 
16, proving the orthology. In mammalian cells, insulin and 
insulin-like growth factor signaling activate AKT/PKB kinase to negatively 
regulate the nuclear localization of DAF-16 homologs 
(reviewed in ) . We show that the absence of AKT consensus sites on 
DAF-16 is sufficient to cause dauer arrest in daf-2 (+) 
animals, proving that daf -16 is the major output of 

insulin signaling in C. elegans. FKHR, FKRHL1, and AFX may similarly be 
the major outputs of mammalian insulin signaling, daf-2 insulin signaling, 
via AKT kinases, negatively regulates DAF-16 by 

controlling its nuclear localization. Surprisingly, we find that daf -7 
TGF-beta signaling also regulates DAF-16 nuclear 

localization specifically at the time when the animal makes the commitment 

between diapause and reproductive development, daf-16 

function is supported by the combined action of two distinct 

promoter/enhancer elements, whereas the coding sequences of two major 

DAF-16 isoforms are interchangeable. Together, these 

observations suggest that the combined effects of transcriptional and 

posttranslational regulation of daf-16 transduce 

insulin-like signals in C. elegans and perhaps more generally. 

L10 ANSWER 3 OF 80 MEDLINE 
AN 1998013175 MEDLINE 

TI The Fork head transcription factor DAF-16 transduces 

insulin-like metabolic and longevity signals in C. elegans. 

SO NATURE, (1997 Oct 30) 389 (6654) 994-9. 
Journal code: 0410462. ISSN: 0028-0836. 

AU Ogg S; Paradis S; Gottlieb S; Patterson G I; Lee L; Tissenbaum H A; Ruvkun 
G . 

AB In mammals, insulin signalling regulates glucose transport together with 
the expression and activity of various metabolic enzymes. In 
the nematode Caenorhabditis elegans, a related pathway regulates 
metabolism, development and longevity. Wild-type animals enter the 
developmental ly arrested dauer stage in response to high levels of a 
secreted pheromone, accumulating large amounts of fat in their intestines 
and hypodermis. Mutants in DAF-2 (a homologue of the mammalian insulin 
receptor) and AGE- 1 (a homologue of the catalytic subunit of mammalian 
phosphatidylinositol 3-OH kinase) arrest development at the dauer stage. 
Moreover, animals bearing weak or temperature- sensitive mutations in daf-2 
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and age-1 can develop reproductively , but nevertheless show 
increased energy storage and longevity. Here we show that null 
mutations in daf-16 suppress the effects of mutations 
in daf-2 or age-1; lack of daf-16 bypasses the need 

for this insulin receptor-like signalling pathway . The principal role of 
DAF-2 /AGE-1 signalling is thus to antagonize DAF-16. 
daf-16 is widely expressed and encodes three 

members of the Fork head family of transcription factors. The DAF-2 
pathway acts synergistically with the pathway activated by a nematode 
TGF-beta-type signal, DAF-7, suggesting that DAF-16 

cooperates with nematode SMAD proteins in regulating the transcription of 
key metabolic and developmental control genes. The probable human 
orthologues of DAF-16, FKHR and AFX, may also act 

downstream of insulin signalling and cooperate with TGF-beta effectors in 
mediating metabolic regulation. These genes may be dysregulated in 
diabetes . 



L10 ANSWER 5 OF 8 0 MEDLINE 
AN 2001698389 MEDLINE 

TI DAF-16 -dependent and independent expression 

targets of DAF-2 insulin receptor- like pathway in Caenorhabditis elegans 
include FKBPs . 

SO JOURNAL OF MOLECULAR BIOLOGY, (2001 Dec 14) 314 (5) 1017-28. 

Journal code: 2985088R. ISSN: 0022-2836. 
AU Yu H; Larsen P L 

AB The daf-2 insulin-like receptor pathway regulates development and 

life-span in Caenorhabditis elegans. Reduced DAF-2 signaling leads to 
changes in downstream targets via the daf-16 gene, a 

fork-head transcription factor which is regulated by DAF-2, and results m 
extended life-span. Here, we describe the first identification of genes 
whose expression is controlled by the DAF-2 signaling cascade. 
dao-1, dao-2, dao-3, dao-4, dao-8 and dao-9 are down -regulated in daf-2 
mutant adults compared to wild-type adults, whereas dao-5, dao-6 and dao-7 
are up-regulated. The latter genes are negatively regulated by DAF-2 
signaling and positively regulated by DAF-16. 

Positive regulation by DAF-2 on dao-1, dao-4 and dao-8 was mediated by 
DAF-16, whereas daf-16 mediates only 

part of DAF-2 signaling for dao-2 and dao-9. Regulation by DAF-2 is most 
likely DAF-16 independent for dao-3 and hsp-90. RNA 
levels of dao-5 and dao-6 showed elevated expression in daf-2 
adults, as well as being strongly expressed in dauer larvae. In 
contrast, hsp-90 transcript levels are low in daf-2 mutant adults though 
they are enriched in dauer larvae, indicating overlapping but not 
identical mechanisms of efficient life maintenance in stress-resistant 
dauer larvae and long-lived daf-2 mutant adults, dao-1, dao-8 and dao-9 
are homologs of the FK506 binding proteins that interact with the 
mammalian insulin pathway, dao-3 encodes a putative 

methylenetetrahydrofolate dehydrogenase. DAO-5 shows 33 % identity ^ with 
human nucleolar phosphoprotein P130. dao-7 is similar to the mammalian 
ZFP36 protein. Distinct regulatory patterns of dao genes implicate their 
diverse positions within the signaling network of DAF-2 pathway, and 
suggest they have unique contributions to development, metabolism and 
longevity. 

Copyright 2001 Academic Press. 

L10 ANSWER 8 OF 80 MEDLINE 
AN 199802 8757 MEDLINE 

TI daf-16: An HNF-3 /f orkhead family member that can 

function to double the life-span of Caenorhabditis elegans. 

SO SCIENCE, (1997 Nov 14) 278 (5341) 1319-22. 
Journal code: 0404511. ISSN: 0036-8075. 

AU Lin K; Dorman J B; Rodan A; Kenyon C 

AB The wild-type Caenorhabditis elegans nematode ages rapidly, undergoing 
development, senescence, and death in less than 3 weeks. In contrast, 
mutants with reduced activity of the gene daf-2, a homolog of the insulin 
and insulin-like growth factor receptors, age more slowly than normal and 
live more than twice as long. These mutants are active and fully fertile 
and have normal metabolic rates. The life-span extension caused by daf-2 
mutations requires the activity of the gene daf-16. 
daf-16 appears to play a unique role in life-span 
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regulation and encodes a member of the hepatocyte nuclear factor 3 

(HNF-3) /forkhead family of transcriptional regulators. In humans, insulin 

down- regulates the expression of certain genes by antagonizing 

the activity of HNF-3, raising the possibility that aspects of this 

regulatory system have been conserved. 
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L8 ANSWER 1 OF 9 MEDLINE 
AN 92120509 MEDLINE 

TI Genetic analysis of chemosensory control of dauer formation in 

Caenorhabditis elegans. 
SO GENETICS, (1992 Jan) 130 (1) 105-23. 

Journal code: 0374636. ISSN: 0016-6731. 
AU Vowels J J; Thomas J H 

AB Dauer larva formation in Caenorhabditis elegans is controlled by 
chemosensory cells that respond to environmental cues. Genetic 
interactions among mutations in 23 genes that affect dauer larva formation 
were investigated. Mutations in seven genes that cause constitutive dauer 
formation, and mutations in 16 genes that either block dauer formation or 
result in the formation of abnormal dauers, were analyzed. Double mutants 
between dauer- constitutive and dauer-def ective mutations were constructed 
and characterized for their capacity to form dauer larvae. Many of the 
genes could be interpreted to lie in a simple linear epistasis pathway. 
Three genes, daf-16, daf-18 and daf-20, may affect 

downstream steps in a branched part of the pathway. Three other genes, 
daf-2, daf-3 and daf-5, displayed partial or complex epistasis 
interactions that were difficult to interpret as part of a simple linear 
pathway. Dauer-def ective mutations in nine genes cause structurally 
defective chemosensory cilia, thereby blocking chemosensation . Mutations 
in all nine of these genes appear to fall at a single step in the 
epistasis pathway. Dauer- constitutive mutations in one gene, daf-11, were 
strongly suppressed for dauer formation by mutations in the nine 
cilium- structure genes. Mutations in the other six dauer- constitutive 
genes caused dauer formation despite the absence of functional 
chemosensory endings. These results suggest that daf-11 is directly 
involved in chemosensory transduction essential for dauer formation, while 
the other Daf-c genes play roles downstream of the chemosensory step. 

L8 ANSWER 2 OF 9 MEDLINE 
AN 94067343 MEDLINE 

TI AC. elegans mutant that lives twice as long as wild type. 
SO NATURE , (1993 Dec 2) 366 (6454) 461-4. 

Journal code: 0410462. ISSN: 0028-0836. 
AU Kenyon C; Chang J; Gensch E; Rudner A; Tabtiang R 

AB We have found that mutations in the gene daf-2 can cause fertile, active, 
adult Caenorhabditis elegans hermaphrodites to live more than twice as 
long as wild type. This lifespan extension, the largest yet reported in 
any organism, requires the activity of a second gene, daf- 
16. Both genes also regulate formation of the dauer larva, a 
developmental ly arrested larval form that is induced by crowding and 
starvation and is very long-lived. Our findings raise the possibility 
that the longevity of the dauer is not simply a consequence of its 
arrested growth, but instead results from a regulated lifespan extension 
mechanism that can be uncoupled from other aspects of dauer formation. 
daf-2 and daf-16 provide entry points into 
understanding how lifespan can be extended. 

L8 ANSWER 3 OF 9 MEDLINE 
AN 94333774 MEDLINE 

TI daf-2, daf-16 and daf-23: genetically interacting 

genes controlling Dauer formation in Caenorhabditis elegans. 
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AU 
AB 



SO GENETICS, (1994 May) 137 (1) 107-20. 

Journal code: 0374636. ISSN: 0016-6731. 

gene daf-16. Unlike mutations m other Daf-c genes, 

mutations in both daf-2 and -23 f Cauae non-conditional arrest at the 
dauer stage. Our epistasis .analysis suggests that ^af 2 and £ ^ 

^l^anna?^! STeS-KSc S SaSoE S'S^a-e set of Daf-d . 
genes Second daf 2 6 Ld daf-23 mutants are suppressed by mutations in 

daf-23 and daf-16 in dauer formation. 
L8 ANSWER 4 OF 9 MEDLINE 

5 ?he 7 age 8 1 and^dar-fgenes function in a common pathway to control the 

lifespan of Caenorhabditis elegans. 
SO GENETICS, (1995 Dec) 141 (4) 1399-406. 

Journal code: 0374636. ISSN: 0016-6731. 
AU Dorman J B; Albinder B; Shroyer T; Kenyon C lifespan of 

AB Recessive mutations in two ?enes daf-2 and age 1, extend P 

triggering similar if not identical processes. 
L8 ANSWER 5 OF 9 MEDLINE 

5 G enes 6 that r^tf both development and longevity in Caenorhabditis 
elegans. 

SO GENETICS, (1995 Apr) 139 (4) 1567-83. 

Journal code: 0374636. ISSN: 0016-6731. 

S^t^So^^!^ -spends to conditions of over crowding 
and limited * f^^^LE f ormation^af mutations, is 

Tf fe T ed based on 
?he same P ftSs and growth conditions used to characterize Daf 

S^daf^^^ 

in daf-^2 do not extend adult life span, but certain cognations o daf-2 
and daf-12 mutant alleles nearly quadruple it. This syner 9«tic effect, 
wSich does not equivalent^ extend the fertile period is the largest 
genetic extension of life span yet observed in a metazoan. 
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L8 ANSWER 6 OF 9 MEDLINE 
AN 96400918 MEDLINE 

TI A genetic pathway conferring life extension and resistance to UV stress in 

Caenorhabdi t i s el egans . 
SO GENETICS , (1996 Jul) 143 (3) 1207-18. 

Journal code: 0374636. ISSN: 0016-6731. 
AU Murakami S; Johnson T E 

AB A variety of mechanisms have been proposed to explain the extension of 
adult life span (Age) seen in several mutants in Caenorhabdi t is elegans 
(age-1: an altered aging rate; daf-2 and daf-23: activation of a 
dauer- specif ic longevity program; spe-26: reduced fertility; clk-1: an 
altered biological clock) . Using an assay for ultraviolet (UV) resistance 
in young adult hermaphrodites (survival after UV irradiation), we observed 
that all these Age mutants show increased resistance to UV. Moreover, 
mutations in daf-16 suppressed the UV resistance as 

well as the increased longevity of all the Age mutants. In contrast to 

the multiple mechanisms initially proposed, these results suggest that a 

single, daf-16 -dependent pathway, specifies both 

extended life span and increased UV resistance. The mutations in 

daf-16 did not alter the reduced fertility of spe-26 and 

interestingly a daf-16 mutant is more fertile than 

wild type. We propose that life span and some aspects of stress 

resistance are jointly negatively regulated by a set of gerontogenes 

(genes whose alteration causes life extension) in C. elegans. 

L8 ANSWER 7 OF 9 CAPLUS COPYRIGHT 2003 ACS 
AN 1996:303001 CAPLUS 
DN 125:5796 

TI Determination of life-span in Caenorhabditis elegans by four Clock genes 
SO Science (Washington, D. C.) (1996), 272(5264), 1010-1013 

CODEN: SCIEAS; ISSN: 0036-8075 
AU Lakowski, Bernard; Hekimi, Siegfried 

AB The nematode worm Caenorhabditis elegans is a model system for the study 
of the genetic basis of aging. Maternal-effect mutations in four 
genes-clk-1, clk-2, clk-3, and gro-l-interact genetically to det . both the 
duration of development and life-span. Anal, of the phenotypes of these 
mutants suggests the existence of a general physiol. clock in the worm. 
Mutations in certain genes involved in dauer formation (an alternative 
larval stage induced by adverse conditions in which development is 
arrested) can also extend life-span, but the life extension of Clock 
mutants appears to be independent of these genes- The daf-2 (el370) 
clk-1 (e2519) worms, which carry life-span-extending mutations from two 
different pathways, live nearly five times as long as wild- type worms. 

L8 ANSWER 8 OF 9 MEDLINE 
AN 1998028757 MEDLINE 

TI daf-16: An HNF-3/f orkhead family member that can 

function to double the life-span of Caenorhabditis elegans. 

SO SCIENCE, (1997 Nov 14) 278 (5341) 1319-22. 
Journal code: 0404511. ISSN: 0036-8075. 

AU Lin K; Dorman J B; Rodan A; Kenyon C 

AB The wild-type Caenorhabditis elegans nematode ages rapidly, undergoing 
development, senescence, and death in less than 3 weeks. In contrast, 
mutants with reduced activity of the gene daf-2, a homolog of the insulin 
and insulin- like growth factor receptors, age more slowly than normal and 
live more than twice as long. These mutants are active and fully fertile 
and have normal metabolic rates. The life-span extension caused by daf-2 
mutations requires the activity of the gene daf-16. 
daf-16 appears to play a unique role in life-span 

regulation and encodes a member of the hepatocyte nuclear factor 3 
(HNF- 3 ) /f orkhead family of transcriptional regulators. In humans, insulin 
down- regulates the expression of certain genes by antagonizing the 
activity of HNF-3, raising the possibility that aspects of this regulatory 
system have been conserved. 

L8 ANSWER 9 OF 9 MEDLINE 
AN 1998013175 MEDLINE 

TI The Fork head transcription factor DAF-16 transduces 

insulin-like metabolic and longevity signals in C. elegans. 
SO NATURE , (1997 Oct 30) 389 (6654) 994-9. 
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Journal code: 0410462. ISSN: 0028-0836. 
AU Ogg S; Paradis S; Gottlieb S; Patterson G I; Lee L; Tissenbaum H A,- Ruvkun 
G 

AB In mammals, insulin signalling regulates glucose transport together with 

the expression and activity of various metabolic enzymes. In the nematode 
Caenorhabditis elegans, a related pathway regulates metabolism, 
development and longevity. Wild- type animals enter the developmental ly 
arrested dauer stage in response to high levels of a secreted pheromone, 
accumulating large amounts of fat in their intestines and hypodermis. 
Mutants in DAF-2 (a homologue of the mammalian insulin receptor) and AGE-1 
(a homologue of the catalytic subunit of mammalian phosphatidyl inositol 
3-OH kinase) arrest development at the dauer stage. Moreover, animals 
bearing weak or temperature- sensitive mutations in daf-2 and age-1 can 
develop reproductively, but nevertheless show increased energy storage and 
longevity. Here we show that null mutations in daf-16 
suppress the effects of mutations in daf-2 or age-1; lack of daf 
-16 bypasses the need for this insulin receptor-like signalling 
pathway. The principal role of DAF- 2 /AGE-1 signalling is thus to 
antagonize DAF-16. daf-16 is 

widely expressed and encodes three members of the Fork head family of 
transcription factors. The DAF-2 pathway acts synergistically with the 
pathway activated by a nematode TGF-beta-type signal, DAF- 7, suggesting 
that DAF-16 cooperates with nematode SMAD proteins in 

regulating the transcription of key metabolic and developmental control 
genes. The probable human orthologues of DAF-16, FKHR 

and AFX, may also act downstream of insulin signalling and cooperate with 
TGF-beta effectors in mediating metabolic regulation. These genes may be 
dysregulated in diabetes. 
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L4 ANSWER 2 OF 11 CAPLUS COPYRIGHT 2003 ACS 
AN 1997:702845 CAPLUS 
DN 128:20747 

TI The Fork head transcription factor DAF-16 transduces 

insulin-like metabolic and longevity signals in C. elegans 

SO Nature (London) (1997), 389(6654), 994-999 
CODEN: NATUAS; ISSN: 0028-0836 

AU Ogg, Scott; Paradis, Suzanne; Gottlieb, Shoshanna; Patterson, Garth I.; 
Lee, Linda; Tissenbaum, Heidi A.; Ruvkun, Gary 

AB In mammals, insulin signaling regulates glucose transport together with 

the expression and activity of various metabolic enzymes. In the nematode 
Caenorhabditis elegans, a related pathway regulates metab., development 
and longevity. Wild-type animals enter the developmental ly arrested dauer 
stage in response to high levels of a secreted pheromone, accumulating 
large amts. of fat in their intestines and hypodermis. Mutants in DAF-2 
(a homolog of the mammalian insulin receptor) and AGE-1 (a homolog of the 
catalytic subunit of mammalian phosphatidyl inositol 3-OH kinase) arrest 
development at the dauer stage. Moreover, animals bearing weak or 
temp. -sensitive mutations in daf-2 and age-1 can develop reproductively, 
but nevertheless show increased energy storage and longevity. Null 
mutations in daf-16 suppress the effects of mutations 
in daf-2 or age-1; lack of daf-16 bypasses the need 
for this insulin receptor-like signaling pathway. DAF- 
16 is widely expressed and encodes three members of the Fork head 
family of transcription factors. The DAF-2 pathway acts synergistically 
with the pathway activated by a nematode TGF- . beta . -type signal, DAF-7, 
suggesting that DAF-16 cooperates with nematode SMAD 
proteins in regulating the transcription of key metabolic and 
developmental control genes. The probable human orthologs of DAF 
-16, FKHR and AFX, may also act downstream of insulin signaling 
and cooperate with TGF-.beta. effectors in mediating metabolic regulation. 
These genes may be dysregulated in diabetes. 

L4 ANSWER 3 OF 11 CAPLUS COPYRIGHT 2003 ACS 
AN 1999:37224 CAPLUS 
DN 130:220650 

TI The C. elegans PTEN homolog, DAF-18, acts in the insulin receptor-like 

metabolic signaling pathway 
SO Molecular Cell (1998), 2(6), 887-893 

CODEN: MOCEFL; ISSN: 1097-2765 
AU Ogg, Scott; Ruvkun, Gary 

AB An insulin-like signaling pathway, from the DAF-2 receptor, the AGE-1 

phosphoinositide 3 -kinase, and the AKT-l/AKT-2 serine/threonine kinases to 

the DAF-16 Fork head transcription factor, regulates 

the metab., development, and life span of Caenorhabditis elegans. 

Inhibition of daf-18 gene activity bypasses the normal requirement for 

AGE-1 and partially bypasses the need for DAF-2 signaling. The 

suppression of age-1 mutations by a daf-18 mutation depends on AKT-l/AKT-2 

signaling, showing that DAF-18 acts between AGE-1 and the AKT input to 

DAF-16 transcriptional regulation. Daf-18 encodes a 

homolog of the human tumor suppressor PTEN (MMAC1/TEP1) , which has 

3 -phosphatase activity toward phosphatidyl inositol 3 , 4 , 5- trisphosphate 

(PIP3) . DAF-18 PTEN may normally limit AKT-1 and AKT -2 activation by 

decreasing PIP3 levels. The action of daf-18 in this metabolic control 

pathway suggests that mammalian PTEN may modulate insulin signaling and 

may be variant in diabetic pedigrees. 

L4 ANSWER 4 OF 11 CAPLUS COPYRIGHT 2003 ACS 
AN 1998:761816 CAPLUS 
DN 130:29188 

TI Therapeutic and diagnostic tools for impaired glucose tolerance conditions 
based on the dauer polypeptides and genes of Caenorhabditis elegans 

SO PCT Int. Appl., 2 02 pp. 
CODEN: PIXXD2 

IN Ruvkun, Gary; Kimura, Koutarou; Patterson, Garth; Ogg, Scott; 

Paradis, Suzanne; Tissenbaum, Heidi; Morris, Jason; Koweek, Allison; 
Pierce, Sarah 

AB Disclosed herein are novel genes and methods for the screening of 

therapeutics useful for treating impaired glucose tolerance conditions, as 
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well as diagnostics and therapeutic compns . for identifying or treating 
such conditions. The Caenorhabditis elegans metabolic regulatory genes 
daf-2 and age-1 encode homologs of the mammalian insulin 
receptor/phosphoinositide 3 -kinase signaling pathway proteins, resp. In 
addn. # the DAF-16 forkhead protein represents the 
major transcriptional output of this insulin signaling pathway. 
Dysregulation of the DAF-16 transcription factor in 

the absence of insulin signaling leads to metabolic defects; inactivation 
of DAF-16 reverses the metabolic defects caused by 

lack of insulin signaling in C. elegans. Finally, the C. elegans daf-7, 
da-l # daf -4, daf -8, daf -14, and daf-3 genes encode neuroendocrine/ target 
tissue transforming growth factor- . beta . type signal transduction mols. 
that genetically interact with the insulin signaling pathway. Metabolic 
defects cause by lack of neuroendocrine TGF-.beta. signals can be reversed 
by inactivation of the DAF-3 transcription factor. The C. elegans daf 
genes are excellent candidate genes and proteins for human disease assocd. 
with glucose intolerance, e.g., diabetes, obesity, and atherosclerosis. 
The human homologs of these daf genes and proteins mediate insulin 
signaling in normal people and may be defective or mis -regulated in 
diabetics. Moreover, there are at least 2 classes of type II diabetics: 
those with defects in the TGF-.beta. signaling genes, and those with 
defects in insulin signaling genes. Exemplary sequences and functional 
characteristics are provided for the C. elegans daf homologs of the human 
genes: daf-2, daf-3 (3 differentially spliced isoforms) , daf- 
16 (2 differentially spliced isoforms), age-1, and pdk-1 (two 
spliced isoforms) . 

PATENT NO. KIND DATE APPLICATION NO. DATE 
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L4 ANSWER 5 OF 11 CAPLUS COPYRIGHT 2 0 03 ACS 
AN 1998:577164 CAPLUS 
DN 129:287966 

TI Caenorhabditis elegans Akt/PKB transduces insulin receptor-like signals 
from AGE-1 PI3 kinase to the DAF-16 transcription 
factor 

SO Genes & Development (1998), 12(16), 2488-2498 

CODEN: GEDEEP; ISSN: 0890-9369 
AU Paradis, Suzanne; Ruvkun, Gary 

AB A neurosecretory pathway regulates a reversible developmental arrest and 

metabolic ' shift at the Caenorhabditis elegans dauer larval stage. Defects 
in an insulin-like signaling pathway cause arrest at the dauer stage. We 
show here that two C. elegans Akt/PkB homologs, akt-1 and akt-2, transduce 
insulin receptor- like signals that inhibit dauer arrest and that AKT-1 and 
AKT-2 signaling are indispensable for insulin receptor- like signaling in 
C. elegans. A loss-of -function mutation in the Fork head transcription 
factor DAF-16 relieves the requirement for Akt/PKB 

signaling, which indictes that AKT-1 and AKT-2 function primarily to 
antagonize DAF-16. This is the first evidence that 

the major target of Akt/PKB signaling is a transcription factor. An 
activation mutation in akt-l, revealed by a genetic screen, as well as 
increased dosage of wild- type. akt-1 relieves the requirements for 
signaling from AGE-1 PI3K, which acts downstream of the DAF- 02 
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insulin/lGF-1 receptor homol . This demonstrates that Akt/PKB activity is 
not necessarily dependent on AGE-1 PI3K activity. Akt-1 and akt-2 are 
expressed in overlapping patterns in the nervous system and in tissues 
that are remodeled during dauer formation. 

L4 ANSWER 6 OF 11 CAPLUS COPYRIGHT 2 003 ACS 
AN 1998:463129 CAPLUS 
DN 129:228428 

TI An insulin-like signaling pathway affects both longevity and reproduction 

in Caenorhabditis elegans 
SO Genetics (1998), 148(2), 703-717 

CODEN: GENTAE; ISSN: 0016-6731 
AU Tissenbaum, Heidi A. ; Ruvkun, Gary 

AB Mutations in daf-2 and age-1 cause a dramatic increase in longevity as 

well as developmental arrest at the dauer diapause stage in Caenorhabditis 
elegans. Daf-2 and age-1 encode components of an insulin- like signaling 
pathway. Both daf-2 and age-1 act at a similar point in the genetic 
epistasis pathway for dauer arrest and longevity and regulate the activity 
of the daf-16 gene. Mutations in daf- 

16 cause a dauer-def ective phenotype and are epistatic to the 
diapause arrest and life span extension phenotypes of daf-2 and age-1 
mutants. Mutations in this pathway also affect fertility and embryonic 
development. Weak daf-2 alleles, and maternally rescued age-1 alleles 
that cause life span extension but do not arrest at the dauer stage, also 
reduce fertility and viability. The authors find that age-1 (hx546) has 
reduced both maternal and zygotic age-1 activity. Daf- 
16 mutations suppress all of the daf-2 and age-1 phenotypes, 
including dauer arrest, life span extension, reduced fertility, and 
viability defects. These data show that insulin signaling, mediated by 
DAF-2 through the AGE-1 phosphatidylinositol-3-hydroxykinase, regulates 
reprodn. and embryonic development, as well as dauer diapause and life 
span, and that DAF-16 transduces these signals. The 
regulation of fertility, life span, and metab. by an insulin-like 
signaling pathway is similar to the endocrine regulation of metab. and 
fertility by mammalian insulin signaling. 
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TI A PDK1 homolog is necessary and sufficient to transduce AGE-1 PI3 kinase 
signals that regulate diapause in Caenorhabditis elegans 

SO Genes & Development (1999), 13(11), 1438-1452 
CODEN: GEDEEP; ISSN: 0 8 90-9369 

AU Paradis, Suzanne; Ailion, Michael; Toker, Alex; Thomas, James H. ; 
Ruvkun, Gary 

AB An insulin receptor- like signaling pathway regulates Caenorhabditis 

elegans metab., development, and longevity. Inactivation of the insulin 
receptor homolog DAF-2, the AGE-1 PI3K, or the AKT-1 and AKT-2 kinases 
causes a developmental arrest at the dauer stage. A null mutation in the 
daf-16 Fork head transcription factor alleviates the 
requirement for signaling through this pathway. We show here that a 
loss-of -function mutation in pdk-1, the C. elegans homolog of the 
mammalian Akt/PKB kinase PDK1, results in constitutive arrest at the dauer 
stage and increased life span; these phenotypes are suppressed by a loss 
of function mutation in daf-16. An activating 

mutation in pdk-1 or overexpression of wild- type pdk-1 relieves the 
requirement for AGE-1 P13K signaling. Therefore, pdk-1 activity is both 
necessary and sufficient to propagate AGE-1 PI3K signals in the DAF-2 
insulin receptor- like signaling pathway. The activating mutation in pdk-1 
requires akt-1 and akt-2 gene activity in order to suppress the dauer 
arrest phenotype of age-1. This indicates that the major function of C. 
elegans PDKI is to transduce signals from AGE-1 to AKT-1 and AKT-2. The 
activating pdk-1 mutation is located in a conserved region of the kinase 
domain; the equiv. amino acid substitution in human PDKI activates its 
kinase activity toward mammalian Akt/PKB. 
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complex to the insulin-like growth factor binding protein 1 promoter in 
HepG2 cells 

SO Proceedings of the National Academy of Sciences of the United States of 
America (2000), 97(19), 10412-10417 
CODEN: PNASA6; ISSN: 0027-8424 

AU Nasrin, Nargis; Ogg, Scott; Cahill, Catherine M. ; Biggs, William; Nui # 
Simin; Dore, Justin; Calvo, Dominica; Shi, Yang; Ruvkun, Gary; 
Alexander-Bridges, Maria C. 

AB Insulin neg . regulates expression of the insulin-like growth factor 

binding protein 1 (IGFBP-1) gene by means of an insulin-responsive element 
(IRE) that also contributes to glucocorticoid stimulation of this gene. 
We find that the Caenorhabditis elegans protein DAF-16 
binds the IGFBP-1 . cntdot . IRE with specificity similar to that of the 
forkhead (FKH) factor (s) that act both to enhance glucocorticoid 
responsiveness and to mediate the neg. effect of insulin at this site. In 
HepG2 cells, DAF-16 and its mammalian homologs, FKHR, 

FKHRL1, and AFX, activate transcription through the IGFBP-1 . cntdot . IRE; 
this effect is inhibited by the viral oncoprotein E1A, but not by mutants 
of E1A that fail to interact with the coactivator p300/CREB -binding 
protein (CBP) . We show that DAF-16 and FKHR can 

interact with both the KIX and El A/ SRC interaction domains of p300/CBP, as 
well as the steroid receptor coactivator (SRC) . A C-terminal deletion 
mutant of DAF-16 that is nonfunctional in C. elegans 
fails to bind the KIX domain of CBP, fails to activate transcription 
through the IGFBP-1 .cntdot . IRE, and inhibits activation of the IGFBP-1 
promoter by glucocorticoids. Thus, the interaction of DAF- 
16 homologs with the KIX domain of CBP is essential to basal and 
glucocorticoid- stimulated transactivation . Although AFX interacts with 
the KIX domain of CBP, it does not interact with SRC and does not respond 
to glucocorticoids or insulin. Thus, we conclude that DAF- 
16 and FKHR act as accessory factors to the glucocorticoid 
response, by recruiting the p300/CBP/SRC coactivator complex to an FKH 
factor site in the IGFBP-1 promoter, which allows the cell to integrate 
the effects of glucocorticoids and insulin on genes that carry this site. 
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TI Genes and polypeptides involved in insulin signaling pathways for glucose 
tolerance, obesity, and longevity and their uses as therapeutic and 
diagnostic tools 

SO PCT Int. Appl., 402 pp. 
CODEN: PIXXD2 

IN Ruvkun, Gary; Ogg, Scott 

AB Disclosed herein are novel genes and methods for the screening of 

therapeutics useful for treating impaired glucose tolerance conditions, as 
well as diagnostics and therapeutic compns . for identifying or treating 
such conditions. The Caenorhabditis elegans metabolic regulatory genes 
daf-2 and age-1 encode homologs of the mammalian insulin 

receptor/phosphoinositol 3 -kinase signaling pathway proteins, resp. Also, 
the C. elegans PKB kinase and AKT kinase act downstream of these genes, as 
their mammalian homologs act downstream of insulin signaling. The C. 
elegans PTEN lipid phosphatase homolog, DAF-18, acts upstream of AKT in 
this signaling pathway. Further, the DAF-16 forkhead 
protein represents the major transcriptional output of this insulin 
signaling pathway. Addnl . evidence indicates that the DAF- 
16, DAF-3, DAF-8, and DAF-14 transcriptional outputs of converging 
signaling pathways regulate metab. The congruence between the C. elegans 
and mammalian insulin signaling pathways strongly supports the contention 
that new genes identified in the C. elegans pathway also act in mammalian 
insulin signaling. Exemplary sequences and functional characteristics of 
the C. elegans daf genes and their human homologs are provided. 
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TI Regulation of C. elegans DAF-16 and its human ortholog 

FKHRL1 by the daf-2 insulin- like signaling pathway 
SO Current Biology (2001), 11(24), 1950-1957 

CODEN: CUBLE2; ISSN: 0960-9822 
AU Lee, Raymond Y. N. ; Hench, Jurgen; Ruvkun, Gary 

AB C. elegans insulin-like signaling regulates metab., development, and life 
span. This signaling pathway neg . regulates the activity of the forkhead 
transcription factor DAF-16. Daf-16 

encodes multiple isoforms that are expressed in distinct tissue types and 
are probable orthologs of human FKHRL1, FKHR, and AFX. The authors show 
that human FKHRL1 can partially replace DAF-16, 

proving the orthol . In mammalian cells, insulin and insulin-like growth 

factor signaling activate AKT/PKB kinase to neg. regulate the nuclear 

localization of DAF-16 homologs. The authors show 

that the absence of AKT consensus sites on DAF-16 is 

sufficient to cause dauer arrest in daf-2 (+) animals, proving that 

daf-16 is the major output of insulin signaling in C. 

elegans. FKHR, FKRHL1, and AFX may similarly be the major outputs of 
mammalian insulin signaling. Daf-2 insulin signaling, via AKT kinases, 
neg. regulates DAF-16 by controlling its nuclear 

localization. Surprisingly, the authors find that daf-7 TGF-.beta. 
signaling also regulates DAF-16 nuclear localization 

specifically at the time when the animal makes the commitment between 

diapause and reproductive development. Daf-16 

function is supported by the combined action of two distinct 

promoter/enhancer elements, whereas the coding sequences of two major 

DAF-16 isoforms are interchangeable. Together, these 

observations suggest that the combined effects of transcriptional and 

posttranslational regulation of daf-16 transduce 

insulin-like signals in C. elegans and perhaps more generally. 
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TI Phosphatidylinositol 3 -kinase signaling inhibits DAF-16 

DNA binding and function via 14 -3 -3 -dependent and 14-3-3-independent 
pathways 

SO Journal of Biological Chemistry (2001), 276(16), 13402-13410 

CODEN: JBCHA3; ISSN: 0021-9258 
AU Cahill, Catherine M. ; Tzivion, Guri; Nasrin, Nargis; Ogg, Scott; Dore, 

Justin; Ruvkun, Gary; Alexander-Bridges, Maria 
AB In Caenorhabditis elegans, an insulin- like signaling pathway to 

phosphatidylinositol 3 -kinase (PI 3-kinase) and AKT neg. regulates the 

activity of DAF-16, a Forkhead transcription factor. 

We show that in mammalian cells, C. elegans DAF-16 is 

a direct target of AKT and that AKT phosphorylation generates 14-3-3 

binding sites and regulates the nuclear/cytoplasmic distribution of 

DAF-16 as previously shown for its mammalian homologs 

FKHR and FKHRL1. In vitro, interaction of AKT-phosphorylated DAF 

-16 with 14-3-3 prevents DAF-16 binding to 

its target site in the insulin-like growth factor binding protein- 1 gene, 
the insulin response element. In HepG2 cells, insulin signaling to PI 
3-kinase/AKT inhibits the ability of a GAL 4 DNA binding domain/DAF 
-16 fusion protein to activate transcription via the 

insulin-like growth factor binding protein-l-insulin response element, but 
not the GAL 4 DNA binding site, which suggests that insulin inhibits the 
interaction of DAF-16 with its cognate DNA site. 
Elimination of the DAF-16/14-3-3 assocn. by mutation 
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of the AKT/14-3-3 sites in DAF-16, prevents 14-3-3 
inhibition of DAF-16 DNA binding and insulin 
inhibition of DAF-16 function. Similarly, inhibition 
of the DAF-16/14-3-3 assocn. by exposure of cells to 
the PI 3-kinase inhibitor LY294002, enhances DAF-16 

DNA binding and transcription activity. Surprisingly constitutively 
nuclear DAF-16 mutants that lack AKT/14-3-3 binding 
sites also show enhanced DNA binding and transcription activity in 
response to LY294002, pointing to a 14-3 -3 -independent mode of regulation. 
Thus, our results demonstrate at least two mechanisms, one 
14-3-3-dependent and the other 14-3 -3 -independent , whereby PI 3-kinase 
signaling regulates DAF-16 DNA binding and 
transcription function. 
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TI Daf-2, daf-16 and daf-23: Genetically interacting 

genes controlling dauer formation in Caenorhabditis elegans 

SO Genetics (1994), 137(1), 107-20 
CODEN: GENTAE; ISSN: 0016-6731 

AU Gottlieb, Shoshanna; Ruvkun, Gary 

AB Under conditions of high population d. and low food, Caenorhabditis 

elegans forms an alternative third larval stage, called the dauer stage, 
which is resistant to desiccation and harsh environments. Genetic anal, 
of some dauer constitutive (Daf-c) and dauer defective (Daf-d) mutants has 
revealed a complex pathway that is likely to function in particular 
neurons and/or responding tissues. Here the authors analyze the genetic 
interactions between 3 genes which comprise a branch of the dauer 
formation pathway that acts in parallel to or downstream of the other 
branches of the pathway, the Daf-c genes daf-2 and daf-23 and the Daf-d 
gene daf-16. Unlike mutations in other Daf-c genes, 

mutations in both daf-2 and daf-23 cause non-conditional arrest at the 
dauer stage. The authors epistasis anal, suggests that daf-2 and daf-23 
are functioning at a similar point in the dauer pathway. First, mutations 
in daf-2 and daf-23 are epistatic to mutations in the same set of Daf-d 
genes. Second, daf-2 and daf-23 mutants are suppressed by mutations in 
daf-16. Mutations in daf-16 do not 

suppress any of the other Daf-c mutants as efficiently as they suppress 
daf-2 and daf-23 mutants. Third, double mutants between either daf-2 or 
daf-23 and several other daf-d mutants exhibit an unusual interaction. 
Based on these results, the authors present a model for the function of 
daf-2, daf-23 and daf-16 in dauer formation. 
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